Daniel et al. 1 demonstrated the effectiveness of dense bottlebrush polymers in lowering the entanglement density, that is, reducing the physical interaction level, by stiffening the main chains through the growth of numerous side chains-the bottlebrush structure. This breakthrough work is based on earlier works of the late Pakula. 2 Sheiko's group has been working on this topic for several years (as summarized in Lee et al. 3 and Sheiko et al. 4 ), but they have reported only results on minute amounts of materials. Hence, the physical behavior of bottlebrushes has not been tested on a macroscopic level. To do so effectively means diluting polymer chains by themselves instead of adding a solvent, as it has classically been done with gels and solutions.
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In addition, these bottlebrushes were crosslinked with each other, leading to a rubber-like system, albeit with a significantly lower cross-link density than that of conventional rubbers. The clear consequence is that the properties of cross-linked bottlebrushes fall between those of very soft rubbers, which typically lack entanglements and have very few cross-links, and gels, which typically contain 75-99% solvent (Scheme 1). Another decisive difference is that polymers and solvents always possess complicated interaction patterns; for example, hydrogels can eject water upon compression. Furthermore, because the chains in gels 'swim' in water, they can be moved individually, which leads to easy crack propagation and thus to poor mechanical properties. Daniel et al. 1 demonstrated that the mechanical properties in the compression of cross-linked bottlebrush gels were superior to those of a hydrogel with comparable polymer content (assuming that the hairs of the bottlebrushes are 'solvent').
The rheological properties of uncross-linked bottlebrushes resemble those of a Rouse chain-a behavior that is also observed in unentangled ring polymers. 5 This behavior, which is rarely observed in the pure state, is the fingerprint of the absence of entanglement dynamics; that is, it proves that the hairs of the bottlebrush screen the main chain from entangling with other chains. Upon cross-linking, the bottlebrush shows a rubbery plateau, depending on the cross-linking density.
In this paper, a new class of materials for polymer physics is introduced that will certainly become important for the basic understanding of connections between polymer architecture and mechanical properties. In addition, the property of very low stiffness without the addition of solvents could find application in, for example, the biomedical area. In the future, it would be desirable to study the differences between dendrimers and bottlebrushes, that is, between round and stretched soft particles, and their interactions with conventional polymers. Moreover, the paper presents molecular theories and scaling laws that could be significantly expanded on by applying advanced molecular models. It remains an open question as to how large amounts of side chains behave in comparison with solvent, which could be studied by making a clearer comparison based on rheological mesoscale theories. 
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Scheme 1 Representation of the main differences between conventional gels and solvent-free bottlebrush gels.
